Interdisciplinary team science involves research collaboration among investigators from different disciplines who work interdependently to share leadership and responsibility. Although over the past several decades there has been an increase in knowledge produced by science teams, the public has not been meaningfully engaged in this process. We argue that contemporary changes in how science is understood and practiced offer an opportunity to reconsider engaging the public as active participants on teams and coin the term participatory team science to describe public engagement in team science. We discuss how public engagement can enhance knowledge within the team to address complex problems and suggest a different organizing framework for team science that aligns better with how teams operate and with participatory approaches to research. We also summarize work on public engagement in science, describe opportunities for various types of engagement, and provide an example of participatory team science carried out across research phases. We conclude by discussing implications of participatory team science for psychology, including changing the default when assembling an interdisciplinary science team by identifying meaningful roles for public engagement through participatory team science.
Interdisciplinary team science involves research collaboration among investigators from different disciplines who work interdependently to share leadership and responsibility (Bozeman & Boardman, 2014; National Research Council [NRC], 2015) . Knowledge produced by such interdisciplinary research teams has increased steadily over the past several decades (Bozeman & Boardman, 2014; Wuchty, Jones, & Uzzi, 2007) , including in psychology and the social sciences (Henriksen, 2016) . Collaboration allows researchers to address complex problems unable to be addressed by individual investigators or a single discipline (Collins, Wilder, & Zerhouni, 2014) . Also, interdisciplinary science teams can accelerate the translation of knowledge from laboratory to clinic to community (Collins et al., 2014 ; National Institutes of Health [NIH], 2006b; Terry & Leshner, 2013) .
The trend toward interdisciplinary team-based research is one outgrowth of the increasing specialization of disciplines and the value scientists give to research collaborations that provide specialized expertise, resources, or affiliations (Leahey, 2016) . We define research collaboration as social processes in which "human beings pool their human capital for the objective of producing knowledge" (Bozeman & Boardman, 2014, p. 3) . A term from science and technology studies that is used to characterize the additional value (or "additionality") from research collaboration is scientific and technical human capital (STHC; Bozeman & Boardman, 2014) . STHC refers to the knowledge, skills, and resources embodied by an individual that are essential to scientific productivity (Bozeman, Dietz, & Gaughan, 2001) . It may include an individual's specialized education, training, and expertise as well as the social networks and institutional resources available to that researcher (Bozeman & Board-man, 2014) . STHC operates at multiple levels-the individual; the science team; the organization where individuals and teams are located; and the disciplines or fields in which researchers are trained, conduct research, publish, and participate in a scholarly community (Bozeman & Boardman, 2014) .
The decades-long growth of interdisciplinary team science has mostly not included public stakeholders as research collaborators on science teams, despite increased public engagement in science over this period (Tebes, 2018) . We use the term public to refer to individuals with a shared "interest in or who are impacted by the proposed research" (Burke et al., 2013, p. 494) . Public stakeholders may include adults, children, or youth; community members; employees, employers, or representatives of businesses, nonprofits, industry, or government; funders; policymakers; and researchers (Burke et al., 2013; Minkler & Wallerstein, 2011; Patient Centered Outcomes Research Institute [PCORI], 2016) . 1 In this article, we argue that contemporary changes in how science is understood and practiced offer a new opportunity to engage the public as participants on interdisciplinary science teams. We believe that doing so adds value because public stakeholders provide local, culturally situated, and contextualized knowledge about complex psychological and social problems unknown or unavailable to a science team but essential to its success (Tebes, 2018; Tebes, Thai, & Matlin, 2014) . Engagement can also give the public a voice in prioritizing research to address local interests; guide how research is implemented, communicated, and disseminated; and enhance transparency between scientists and the public (Esmail, Moore, & Rein, 2015 ; Institute of Medicine [IOM], 2011; PCORI, 2013) . We coin the term participatory team science to describe public engagement in team science.
This article consists of five parts. First, we briefly summarize concepts in interdisciplinary team science critical to this discussion. Second, we describe contemporary changes in how science is understood and practiced and offer a conceptual framework for organizing team science. Third, we discuss the nature of public engagement in science and summarize relevant taxonomies of engagement. Fourth, we provide an overview of participatory team science by drawing on the literature to identify opportunities for public engagement, illustrating its use in a hypothetical example, and discussing key challenges. And finally, we discuss implications of participatory team science for psychology. Rosenfield (1992) was the first to define the distinctions among disciplinary research collaborations. In unidisciplinary research an investigator uses models and methods from a single discipline to study a problem, which is the traditional approach to science. Multidisciplinary research involves collaborations by investigators from two or more disciplines who focus on a common problem but study it from the perspective of their own discipline. The research may be informed by multiple disciplines, but the work is done within each discipline. In interdisciplinary research there is collaboration among investigators from different disciplines who develop a shared mental model to guide the research (Porter & Rafols, 2009; Rosenfield, 1992) . This differs from multidisciplinary research because collaborators blend models and methods from their own discipline to examine a problem in a new way. Finally, transdisciplinary research refers to an interdisciplinary research collaboration that eventually results in a new, hybrid discipline (K. L. Hall et al., 2012; Rosenfield, 1992) . Women's studies, bioengineering, sustainability science, neuroscience, and science and technology studies are examples of hybrid disciplines that grew out of interdisciplinary studies (Tebes et al., 2014) .
Background

Types of Disciplinary Research Collaboration
1 In health-related research, public stakeholders may also include patients, clients, and consumers; family members; service providers and clinicians; purchasers (i.e., of health benefits for employees); payers (i.e., intermediaries in the health system); product makers and industry; hospitals and health systems; policymakers; training institutions (i.e., professional or trade); and researchers (Concannon et al., 2012; PCORI, 2016) .
Structures and Phases of Interdisciplinary Team Science
In its monograph Enhancing the Effectiveness of Team Science, the NRC (2015) identified two primary structures for organizing team science: the science team and larger groups of teams. In the science team, the organizational structure for the research is a collaborating, interdependent team of researchers that typically numbers two to 10 individuals. Larger groups of teams involve groups requiring further differentiation of labor than is found in an individual team (NRC, 2015) . A science team (or groups of teams) can exist within and across universities, academic medical centers (AMCs), or interdisciplinary research centers. 2 K. L. Hall et al. (2012) identify four tasks that are carried out in phases on a science team: (a) development, (b) conceptualization, (c) implementation, and (d) translation. In the development phase, a prospective team assembles members who define a problem, develop a shared mental model to study it, and begin to establish a team identity. In the conceptualization phase, the new team identifies the specific research questions to be addressed, a design to do so, communication practices to conduct research, and team roles and responsibilities. In the implementation phase, the team carries out and coordinates the research, manages conflict, and integrates what is learned. In the final translation phase, the team applies its learning to address the real-world problem(s) that brought it together, which may include developing partnerships with industry, government, other investigators, and the public (K. L. Hall et al., 2012; NRC, 2015) . As we show later, depending on the problem identified, the team task, the local context, and the team science phase, engaging public stakeholders can add value during one or more team phases.
Teamwork, Knowledge Integration, and Social Interactions on a Science Team
Teamwork occurs "when members interact interdependently and work together toward shared and valued goals" (Salas, Fiore, & Letsky, 2013, p. 41) to maximize team performance (Salas, Shuffler, Thayer, Bedwell, & Lazzara, 2015) . This requires coordination, cooperation, and communication, as well as intersubjective understanding of team tasks and goals. Essential to team performance is a team's integrative capacity (Salazar, Lant, Fiore, & Salas, 2012) , that is, a team's capability "to build effective communication practices, a shared identity, and a shared conceptualization of a problem" (Salazar et al., 2012, p. 528 ) to create new knowledge. A team's integrative capacity is the foundation for knowledge integration, which requires managing the social interactions of the team to (a) develop a shared mental model of the problem and how to address it scientifically, (b) identify team roles and tasks, and (c) establish communication structures and processes to carry out the work (Salas et al., 2013; Salazar et al., 2012) . When these social processes are managed effectively, various cognitive, affective, and motivational states-such as trust, psychological safety, a collaborative spirit, openness to new ideas, and identification with the team that enable members to blend their competencies to address a scientific challenge in a new way-emerge within the team (Salazar et al., 2012) . Thus, it is knowledge integration that creates the additionality essential to innovation in interdisciplinary team science.
The centrality of social interactions to knowledge integration in an interdisciplinary science team illustrates how team science is fundamentally a social enterprise, a perspective that aligns with Kuhn's (1962) seminal work in the philosophy of science as well as with the views of contemporary philosophers of science (e.g., Giere, 2006; Knorr Cetina, 1999) . Central to this perspective is that scientists' social relationships and interpersonal transactions are essential to knowledge production (Tebes, 2005 (Tebes, , 2017 Tebes et al., 2014) and that managing those transactions is critical to the success of science teams (NRC, 2015; Salazar et al., 2012) .
The importance of managing social transactions among scientists in a science team led Bennett, Gadlin, and LevineFinley (2010) to develop a field guide for collaboration and team science. The field guide recommends that collaborators schedule time to develop a shared vision for the re-2 Science teams that involve research collaborations across geographic distances may also be established as collaboratories (Olson & Olson, 2014) when members use electronic tools to share data, resources, or expertise.
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search, identify common goals, communicate directly about the science, and discuss how recognition and credit will be shared. Bennett et al. (2010) and other scholars (Fiore, Carter, & Asencio, 2015; Salazar et al., 2012 ) also emphasized the need to build trust among team members, develop guidelines to manage conflict, and establish group norms for effective team management. Finally, teams that engage in reflective practice may be more intentional about using social processes to advance the work (Bennett et al., 2010; Salazar et al., 2012) . Later we discuss how the field guide is also applicable to integrating the public on interdisciplinary science teams.
Contemporary Changes in How Science Is Understood and Practiced
A Conceptual Framework for Interdisciplinary Team Science
As interdisciplinary team science has grown, it has mostly operated within a traditional normative, scientific framework (Tebes et al., 2014) . That framework typically begins with an individual principal investigator (PI) who seeks grant funding to study a problem defined from the perspective of a single discipline. The proposed study builds on prior research conducted in that discipline and is evaluated for funding by disciplinary scholars for its innovativeness. Should the research result in a discovery, it is reviewed for publication in disciplinary journals. Knowledge about the problem advances but usually only within a single discipline or one of its specialties. This "usual" narrative for doing science aligns with stories in the history of science of the lone scientist in pursuit of a great discovery (e.g., Archimedes, Newton, Einstein, Freud). That narrative has shaped the modern research laboratory, which is organized hierarchically, with members accountable to a PI. Collaboration mostly takes place with junior colleagues, students, and staff or perhaps in parallel with another PI's lab through multidisciplinary research.
Interdisciplinary team science requires a different framework for science practice. Instead of organizing the research hierarchically in a single lab, a PI collaborates with one or more investigators from another discipline as a co-PI on a common project. Some work may be done across labs or in a collaborative team, and various members of the team may be accountable to multiple investigators, just as co-PIs are accountable to each other for the team's success. Social processes that promote team integrative capacity are essential because knowledge integration depends on it. Thus, instead of organizing a lab or a team hierarchically to complete essential tasks, it may be more beneficial if the team is organized as a heterarchy; that is, as a complex adaptive system of interconnected, overlapping, and dynamic components that govern constituent interdependent and networked components (Tebes, 2012; Tebes et al., 2014) . Such a system organizes itself flexibly in response to emerging environmental demands and is best understood holistically (Cilliers, 2013; Miller & Page, 2007; Tebes et al., 2014) . Network science has shown that individuals function within various heterarchies (e.g., families, workplaces, communities) that consist of dynamic social networks that shape decision-making, health, and well-being (Christakis & Fowler, 2009) . Other examples of heterarchies include Wikipedia, various biological signaling processes, and evolutionary systems (Tebes, 2012) .
The concept of heterarchy offers an alternative organizing framework for science that captures the participatory, nonhierarchical structure of shared leadership and mutual accountability essential to team science. Lead investigators who operate within a heterarchy function interdependently depending on the task required. This does not preclude organizing some research tasks hierarchically when necessary, such as when efficiency in team functioning is a priority (Tebes et al, 2014) . However, in a heterarchy the default organizational structure assumes mutuality, interdependence, and power sharing. Such a nonhierarchical, participatory structure is more common in large, scientific collaborations in which all parties benefit from the sharing of data, instrumentation, and expertise distributed across scientific teams (Shrum, Genuth, & Chompalov, 2007) . Teams organized this way are increasingly common in the high-tech sector, where start-ups may function effectively with lateral accountability and competencies distributed across the company (Stark, 2009) . Organizing science teams heterarchically encourages the development of shared leadership structures and processes with the expectation that team members contribute as both leaders and collaborators. 
Mode 1 and Mode 2 Science
The use of heterarchical structures to produce scientific knowledge reflects a transformation in science that is currently under way (Tebes et al., 2014) . This transformation was first described in the book The New Production of Knowledge, by Gibbons and colleagues (1994) , and elaborated on in a subsequent volume, Re-Thinking Science, by Nowotny, Scott, and Gibbons (2003b) . Gibbons, Nowotny, and their colleagues have argued that for the past century, knowledge production in science has followed norms and practices that value research that is theoretically driven, university-and institution-based, unidisciplinary, experimentally focused, hierarchically 3 A few years ago, the National Institutes of Health (NIH) established the co-principal investigator (co-PI) structure for collaborating investigators who share equal leadership of a single research award (NIH, 2006a) . This policy shift sought to ensure that each investigator receives credit for the research while also being held equally accountable. The co-PI structure is heterarchical, but as noted later, university administrative practices and policies can undermine it. This document is copyrighted by the American Psychological Association or one of its allied publishers.
organized, investigator produced, prioritizing of investigator autonomy, and seeking universal knowledge (Gibbons et al., 1994; Nowotny, Scott, & Gibbons, 2003a; Nowotny et al., 2003b) . They refer to this as Mode 1 knowledge production in science. This contrasts with the emergence, in the latter half of the 20th century, of an alternative form of knowledge production, which they refer to as Mode 2, that values different norms and practices. Mode 2 knowledge production is application oriented; is accountable not only to academic and scientific institutions but to government and industry as well as political, economic, and public stakeholders; is interor transdisciplinary; emphasizes use of multiple and mixed methods; is organized heterarchically; is coproduced with multiple stakeholders; is socially distributed, collaborative, and transparent; and seeks knowledge that is embedded in local contexts and cultures (Nowotny et al., 2003a (Nowotny et al., , 2003b . Mode 1 science uses disciplinary norms, tools, and methods, whereas Mode 2 science is carried out in the "context of application" (Gibbons et al., 1994, p. 3) , that is, to solve a problem that transcends solution by any single discipline. Mode 2 science is also consistent with the practices underlying knowledge integration in interdisciplinary team science because it accounts for the need to integrate multiple epistemic cultures (Knorr Cetina, 1999) essential to a science team. Thus, just as team science is fundamentally a social enterprise, Mode 2 science is also a public enterprise that values and prioritizes public engagement as integral to knowledge production (Nowotny et al., 2003b) . For the Mode 2 scientist, engaging public stakeholders adds STHC to enhance knowledge integration to solve a problem, just as engaging interdisciplinary colleagues adds STHC to enhance knowledge integration in a science team. In both instances, adoption of a heterarchical structure for the work provides a framework for shared leadership and accountability that is socially distributed and has as its goal the coproduction of knowledge.
In our view, the boundaries between Mode 1 and Mode 2 science are more fluid than described by their authors. This is due, in part, to the now more widely recognized value of Mode 2 knowledge production in science and society (Boaz, Biri, & McKevitt, 2016; Thorén & Breian, 2016) . For example, social science researchers increasingly acknowledge the importance of transparency in science, the value of culturally situated and indigenous epistemologies, the need to identify public benefits from taxpayer-funded research, the necessity of local accountability by scientists to communities, and the potential gains from application-oriented research (Tebes et al., 2014; Trickett, Beehler, Deutsch, & Trimble, 2011 ). In the current climate, debating whether knowledge production results from Mode 1 or Mode 2 science, or their combination, is simply less relevant (Tebes et al., 2014) .
Public Engagement in Science
The growth of Mode 2 science has occurred as calls for public engagement in science have increased (Boaz et al., 2016) . Scholars from diverse fields support public engagement, including the basic sciences (Kost et al., 2017) , public health (Minkler & Wallerstein, 2011) , global health (Lavery et al., 2010) , implementation science (Damschroder et al., 2009) , translational science (Selker & Wilkins, 2017) , environmental sciences (Bonny et al., 2014) , and science and technology studies (Stilgoe, Lock, & Wilsdon, 2014) . Governments across the world also promote engagement. In the United Kingdom, the national advisory group to foster public engagement in research, INVOLVE, publishes Briefing Notes for Researchers (INVOLVE, 2012) . In Canada, the agency responsible for the nation's health publishes the Policy Toolkit for Public Involvement in Decision Making (Health Canada, 2000) . In the United States, the NIH funds community-engaged research through the Clinical and Translational Science Award (CTSA) program (NIH, 2006b) , which is endorsed by the Institute of Medicine (IOM, 2011) . Also, the emergence of comparative effectiveness research (CER) and patient-centered outcomes research (PCOR) led to the creation of the PatientCentered Outcomes Research Institute (PCORI), a quasigovernmental body that promotes public engagement in research (PCORI, 2013) . Finally, several international organizations advocate for public engagement (e.g., International Association for Public Participation; NESTA).
Progress toward public engagement in science is difficult to discern because it goes by various names: participatory action research (Fals-Borda & Rahman, 1991; Whyte, Greenwood, & Lazes, 1989) , empowerment evaluation (Fetterman, Kaftarian, & Wandersman, 1996) , citizen science (Irwin, 1995) , patient and public involvement in research (Brett et al., 2012) , stakeholder engagement in research (Concannon et al., 2014) , and community-engaged or community-based participatory research (CBPR; Israel, Schulz, Parker, & Becker, 1998; Minkler & Wallerstein, 2011) . 4 Although these various approaches resist unitary classification, they each (a) promote participation by stakeholders as collaborators in research, (b) acknowledge a bidirectional partnership between researchers and stakeholders, (c) seek to establish trust within the partnership to advance knowledge, (d) respect differences in perspective among collaborators, and (e) are committed to colearning and the coproduction of knowledge (Israel et al., 1998; 4 Earlier calls for public engagement included Lewin (1946) , who used the term action research to describe the collaboration between social scientists seeking to solve a social problem with those experiencing it, and Friere (1970) , who partnered with oppressed peoples in collaborative inquiry. Wallerstein and Duran (2011) described these scholars as representing the Northern and Southern roots, respectively, of the participatory research tradition. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Minkler & Wallerstein, 2011; PCORI, 2013; Stilgoe et al., 2014; Tebes et al., 2014) . A central argument for public engagement in science is that stakeholders are "experts" in local, culturally situated, and contextualized knowledge relevant to the research question examined (Black et al., 2013; Trickett et al., 2011) . Public engagement can inform the researchϪpractice gap (Trickett et al., 2011) ; explain data anomalies (Tebes & Kraemer, 1991) ; and guide how research is implemented, communicated, or disseminated (IOM, 2011; PCORI, 2013) . Culturally situated knowledge is also often intersectional (Crenshaw, 1991) ; that is, it embodies the lived experience at the intersection of multiple social identities (e.g., Black, gay, aged, Muslim) that involve experiences of oppression (e.g., racism, homophobia, ageism, religious bias). Such knowledge is essential to understanding social and psychological problems in multiple local contexts and in the systematic study of solutions to those problems (G. C. N. Hall, Yip, & Zárate, 2016; Rosenthal, 2016) . Incorporating more local, culturally situated, and contextualized knowledge into science is also likely to enhance construct and external validity (Leviton, 2017; Tebes, 2000 Tebes, , 2005 .
Taxonomies of Public Engagement
Public engagement in science involves research done with rather than to or for individuals, who are participants rather than subjects (Bromley, Mikesell, Jones, & Khodyakov, 2015; Esmail et al., 2015) . Because public engagement may differ across researchers and contexts, scholars have developed taxonomies of engagement and collaborative inquiry (Trickett & Espino, 2004 ). Arnstein's (1969) ladder of citizen participation is an early influential taxonomy that applies to any form of public engagement. The ladder depicts eight rungs embedded in three levels of citizen power. The top rung with the most power is citizen control, followed in descending order by delegated power and partnership. Arnstein considered these three forms of engagement to be actual participation and the remaining five rungs to represent tokenism or nonparticipation. For Arnstein, placation (or advisement, as is common on research advisory boards), consultation, and informing are successive descending rungs depicting forms of tokenism because participants have input into decision making but no real power to affect it. The final rungs, in descending order, are therapy and manipulation, in which citizens are delivered services or subject to policies mostly outside of their control. Arnstein's (1969) metaphorical ladder provides a comparative framework for other taxonomies of public engagement in science. One such taxonomy for CERϪ PCOR has six successive stages of engagement for health-related stakeholders (Concannon et al., 2012) , with each stage specifying a translational objective: identifying research priorities (Stage 1), generating evidence through trials and observational studies (Stage 2), synthesizing evidence through reviews and meta-analyses (Stage 3), integrating evidence through various methods to reveal gaps in the literature (Stage 4), applying evidence through implementation and dissemination science and policy (Stage 5), and evaluating CERϪPCOR (Stage 6). In a review using this taxonomy, Concannon et al. (2014) showed that CERϪPCOR scholars generally engage patients, providers, and other stakeholders infrequently. Esmail et al. (2015) , in another review, showed that in CERϪPCOR, researchers mostly examine impacts of engagement rather than processes or contexts. To address these limitations, Burke et al. (2013) proposed a remedy: more collaboration between CBPR and CERϪ PCOR researchers. They argued that collaboration across these two scholarly traditions would build a stronger CERϪPCOR translational evidence base but also include a wider array of stakeholders through CBPR. Participatory team science offers this opportunity.
Participatory Team Science
Participatory team science blends two growing developments in the practice of science: interdisciplinary team science and participatory research approaches. To varying degrees, each adopts heterarchy as an organizing framework and seeks to build integrative capacity within the research partnership to promote knowledge integration and the coproduction of knowledge.
How best to assemble, manage, and sustain an interdisciplinary science team is just now becoming understood through studies in the science of team science (SciTS), an emerging area of research that examines the processes, outcomes, and impacts of team science (Falk-Krzesinski et al., 2010) . Thus far, however, few SciTS studies have focused on public engagement on science teams or on the added benefit (and cost) to knowledge integration of doing so (Tebes, 2018 ). An exception to this is work done through CTSAs (NIH, 2006b), which are required to engage community stakeholders as research partners. CTSAs have mostly been established in AMCs or university Clinical Translational Sciences Institutes (CTSIs), and thus far, meaningful engagement of stakeholders through CTSAs has been modest (Terry & Leshner, 2013) . In part, this is because CTSAs operate within settings that prioritize Mode 1 science, which can devalue actual community participation (Freeman, Seifer, Stupak, & Martinez, 2014; Shepard et al., 2013) . Kost et al. (2017) described a CTSA with substantive public engagement in research and training as an exception. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Opportunities for Public Engagement in Participatory Team Science
In the following paragraphs, we offer examples of public engagement in participatory team science for each phase identified by K. L. Hall et al. (2012) : development, conceptualization, implementation, and translation. These phases overlap with other taxonomies of public engagement, such as the Concannon et al. (2012) stages described earlier; the PCORI rubric for public engagement, which emphasizes planning, conducting, and disseminating research as engagement activities (PCORI, 2016); and the wellestablished IOM translational framework (IOM, 2011) . For each phase, we provide published examples of engagement consistent with participatory team science, although most were not originally conceptualized as exemplars of this approach.
In the development phase (K. L. Hall et al., 2012) , a science team may partner with public stakeholders, such as a coalition or clinicians from a local clinic, to address a problem of mutual relevance. This might entail (a) deciding which stakeholders will participate on the team; (b) developing a shared understanding of the problem; (c) identifying the mission and goals of the team; and (d) building trust, psychological safety, and team identity. Examples of stakeholder activities might include engaging residents of public housing in problem identification for a smoking cessation intervention (Andrews et al., 2012) , developing a youth partnership to design a survey of youth sexual health (Flicker et al., 2010) , and conducting public forums to identify disparities in health care access to treat depression in primary care (Wells, Jones, Chung, & Ramos, 2013) .
In the conceptualization phase (K. L. Hall et al., 2012) , the newly assembled team identifies novel research questions to address, perhaps based on a theory of change developed by the team. In addition, the team develops a research design that accommodates the various interdisciplinary components of the research while considering stakeholder concerns. For some teams, an overall design may already have been developed for funding purposes, but significant details remain that may be specified collaboratively by the team. During this phase, the team establishes communication structures and practices, creates a shared language for interaction, and identifies roles and responsibilities within the team.
5 Examples of engagement during this phase include developing a team logic model to evaluate a neighborhood initiative (Tebes et al., 2014) ; obtaining feedback from community health workers, caregivers, and emergency department staff to design an asthma treatment trial (Martin et al., 2017) ; and partnering with an indigenous community to develop intervention modules to prevent alcohol use and suicide (Rasmus, Charles, & Mohatt, 2014 ).
In the implementation phase, the team carries out the research based on their roles and responsibilities. Because the research process is dynamic, member tasks, roles, and responsibilities require regular adjustment as implementation proceeds, and conflict management is required. Examples of activities during this phase might include engaging promotoras (Latina community health educators) to help identify study sites, recruit participants, and develop intervention strategies and materials for cancer prevention (Larkey, Gonzalez, Mar, & Glantz, 2009) ; supporting mental health consumers as they collect and analyze data about clinical services (Case et al., 2014) ; and sharing results with participants after a study is completed to determine how well the results align with participants' "lived" experience (Tebes & Kraemer, 1991) .
In the translation phase, the team seeks to translate findings to individuals and settings for real-world impact. Again, the team adapts to a dynamic research environment to adjust roles and responsibilities and to identify opportunities for translation and dissemination. Examples of activities during this phase might include sponsoring a conference to build translational capacity for collaborating researchers and community members by sharing experiences from a community randomized trial (Khodyakov, Pulido, Ramos, & Dixon, 2014) ; publishing a participatory, team-authored, peer-reviewed article to inform academic and professional audiences about a suicide prevention mobilization initiative (Mohatt et al., 2013) ; and engaging multiple groups of patients, caregivers, and investigators connected to a large health care organization to develop practice guidelines for treating multiple chronic conditions (Bennett et al., 2017) .
These examples draw on literature in CBPR, CERϪ PCOR, organizational and community psychology, and public health to show potential opportunities for public engagement in participatory team science. They also show that teams can benefit from public engagement even when this occurs only during specific phases, which differs from CBPR. In our view, public engagement during all phases of team science is unrealistic, cost prohibitive, and unsustainable, given barriers to interdisciplinary team science and public engagement. As teams begin to engage public stakeholders, SciTS researchers can systematically study the benefits and costs of doing so and how different types of engagement effect integrative capacity and knowledge integration. 5 Specifying team roles and responsibilities helps build transactive memory among team members. The team's transactive memory, which is updated in later phases, identifies who in the team has specialized knowledge, how that knowledge is accessed and communicated, and whether it is credible (Zajac, Gregory, Bedwell, Kramer, & Salas, 2014) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
An Integrated Example of Participatory Team Science
Next and in Figure 1 we provide a hypothetical example of how participatory team science might work. Our team seeks to address a complex problem: the combined impact of adverse childhood experiences (ACEs) and neighborhood disadvantage on the health and well-being of children and families. ACEs are various childhood adversities (e.g., maltreatment, family violence, parental substance misuse, extreme poverty) that have been found to result in genetic, brain, and behavioral sequellae that have the potential for lifelong health and developmental effects (Gilbert et al., 2015; Nugent, Goldberg, & Uddin, 2016) . Neighborhood disadvantage (e.g., exposure to neighborhood violence, physical decay, and social and physical disorder) is a social determinant associated with diminished health and wellbeing (Marmot & Wilkinson, 2005; Sampson, Raudenbush, & Earls, 1997) . Examining the impact of these adversities may lead to interventions and policies that mitigate or prevent their effects and promote health and well-being.
In our example, investigators from four disciplinespsychology, sociology, neuroscience, and economicsdecide to address this issue from an interdisciplinary perspective. The psychologist is interested in understanding developmental processes and impacts within the school and family. The sociologist seeks to examine the interplay of neighborhood processes associated with neighborhood disadvantage on health and well-being. The neuroscientist wants to learn more about how relative exposure to these adversities alters specific reward mechanisms in the brain. The economist is interested in identifying causal social mechanisms for child and family outcomes using instrumental variables analysis with neighborhood census and geocoded crime data. As shown, our hypothetical team will also eventually include a coalition representative, a parent representative, a policymaker, a health care provider, and an Figure 1 . Team integrative capacity across four phases in participatory team science. shown is a hypothetical science team studying the impact of adverse childhood experiences (ACES) and neighborhood disadvantage on the health and well-being of children and families. This document is copyrighted by the American Psychological Association or one of its allied publishers.
urban planner. It is important to note that stakeholders may not occupy key roles during each phase and may join the team for either the duration of the research or during specific phases, depending on the nature of the collaboration. Figure 1 depicts the progression of this participatory science team through the four phases described earlier (K. L. Hall et al., 2012) . The development phase begins with the investigators' initial discussions about a potential collaboration to study ACEs and neighborhood disadvantage. In these discussions, investigators begin to define the problem to be studied, construct a shared mental model to address it, and identify public stakeholders to inform the research. The newly assembled interdisciplinary team then invites two community representatives-one from a neighborhood coalition experienced in mobilizing residents and another from an active parent group in a public elementary school-to provide local, culturally situated, and contextualized knowledge to inform the research. This expanded team then further refines the problem definition and contextualizes the mental model. Next, in the conceptualization phase, the team decides on the specific research questions to examine and the methods to employ. A local policymaker is invited to join the team, perhaps a representative from the mayor's office, who can help navigate key research implementation challenges, procure local and state resources, and align the research with various policy priorities. In the implementation phase, members identify specific sites for data collection, including local childcare settings, schools, after-school programs, and health clinics. To assist with clinic implementation, the team invites a health care provider with ties to the local clinic network. In addition, the parent and coalition representatives and their respective networks become more active in framing messages to help recruit parents and community members. In the final translation phase, the team invites an urban planner with expertise in neighborhood redevelopment to join the team. The planner joins other team members to study results and disseminate them to public, professional, policy, and academic audiences. This maximizes the study's potential for impact on diverse populations and settings and on realworld challenges.
Figure 1 also shows that as the team progresses through these four phases, interactions among members are part of a recursive process that affects team integrative capacity. Building that capacity requires managing social interactions within the team to foster trust, psychological safety, and other qualities essential to task completion during each phase. Successful management of those interactions results in emotional, cognitive, and motivational states in the team that promote knowledge integration (Salas et al., 2013; Salazar et al., 2012) . As noted earlier, it is knowledge integration that creates the additional value, or additionality, emblematic of team science (Bozeman & Boardman, 2014) . Although it may be challenging to manage interactions between investigators and public stakeholders on a science team, evidence from participatory research shows that it can be done effectively to generate new knowledge (Israel et al., 1998; Minkler & Wallerstein, 2011) . What may be unique about participatory team science, however, is that social interactions are now managed within an interdisciplinary team of investigators who each operate interdependently to lead parts of the research, as is typical in a heterarchy. However, the strategies described earlier for establishing effective team science collaborations (Bennett et al., 2010) and research partnerships with the public (INVOLVE, 2012) provide guidance here as well.
Challenges to Participatory Team Science
We described how participatory team science might work, first by drawing on the participatory research literature and then by describing a hypothetical example. Our intent was to show that combining interdisciplinary team science and participatory research is possible. However, doing so is not without challenges, which we discuss next.
One challenge to participatory team science is that many policies and practices in universities and AMCs work against interdisciplinarity as well as team science (Klein, 2010; Leahey, 2016; NRC, 2015) . Examples include aligning administrative and reward structures by department and retaining promotion and tenure policies that do not support interdisciplinary or team-based research, whether in a science team or in CTSIs (Klein, 2010; Marrero et al., 2013; McBee & Leahey, 2016) . Gradually, however, changes are happening to address these challenges, in part due to enhanced incentives for team science (Collins et al., 2014; IOM, 2011) . The creation of interdisciplinary research centers in academic settings has begun to shift the balance of power away from academic departments to create dynamic opportunities for interdisciplinary collaboration (NRC, 2015) . Also, some academic settings are adopting promotion and tenure policies that value and reward team-based research (K. L. Hall & Vogel, 2014; NRC, 2015) .
Another challenge to participatory team science is that disciplinary research receives most funding (Bromham, Dinnage, & Hua, 2016; Ledford, 2015) . Reductions in U.S. federal research support of all kinds over the past decade (NIH, 2016) have sustained this disparity despite calls for team science funding (Collins et al., 2014) . Targeted support for team science through federal institutes and centers (Collins et al., 2014) as well as increases in federal research support for public engagement (PCORI, 2013) are positive trends in this regard. Although there is currently no funding for participatory team science, several potential sources of research support may be leveraged to provide funding (e.g., CTSAs, CTSIs, CER, PCORI).
Another challenge is that currently there are no generally accepted norms for providing compensation to public stakeThis document is copyrighted by the American Psychological Association or one of its allied publishers.
holders engaged in research as consultants, community or content experts, or advisors (Black et al., 2013) . This creates an equity issue when some members of the team are paid and others are not. Although this challenge is common to CBPR and other community-engaged research (Israel et al., 1998) , it poses a significant problem for participatory team science because compensation inequities undermine the value ascribed to public stakeholders as leaders on science teams. Black et al. (2013) describe various barriers to compensation for community experts in CTSA-based research and some innovations to address this. Another challenge for participatory team science is determining its relevance to basic science. Most participatory research focuses on clinical, implementation, or translational research objectives rather than on basic science. There has been limited information on how best to engage the public on basic science, especially when an issue may be far removed from their expertise or experience. However, reports of engaging the public in basic science are increasing. DelNero and McGregor (2017) describe a program to promote dialogue between basic science cancer researchers like themselves and individuals living with cancer and discuss how the program transformed their research. Kost et al. (2017) report on a successful initiative, funded through a CTSA, to engage community stakeholders in translational research that focuses on basic science mechanisms for public health. Several reports from the United Kingdom concerning patient and public involvement in basic science describe partnerships to study arthritis, dementia, diabetes, and sight-loss and discuss how engagement can inform research priorities, improve designs, and sharpen how scientists communicate about their work (Dobbs & Whitaker, 2016; Petit-Zeman & Locock, 2013; Wilson et al., 2015) . And a recent report on gene-drive modified organisms by U.S scientists calls for robust public engagement to aid in decision-making and risk assessment (National Academies of Sciences, Engineering, and Medicine, 2016) .
A final challenge for participatory team science is the dearth of education and training in team science for investigators (NRC, 2015) and the public (Parkes, Pyer, Wray, & Taylor, 2014) . The National Research Council has called on universities to accelerate the development of training in team science for researchers and practitioners (NRC, 2015) . Although evidence of program effectiveness has been lacking, reports from a few training programs in AMCs, CTSIs, and research centers show promise (Concannon et al., 2012; Kost et al., 2017; Spring, Hall, Moller, & Falk-Krzesinski, 2012) . Within psychology, only industrialϪorganizational psychology programs routinely provide training on team processes, and there is long-standing work in organizational behavior on self-directed work teams relevant to participatory team science (Orsburn, Moran, Musselwhite, & Zenger, 1990) . Training in participatory approaches is not as well established in psychology, although it is a core competency in community psychology and widespread in public health. A need also exists to develop education and training programs for the public, and a few such programs are now available (Horobin et al., 2017; Parkes et al., 2014) . In addition, CERϪPCOR sites as well as AMCs and CTSIs provide fertile ground for blending participatory and team science approaches for training purposes and to evaluate their effectiveness for researchers and the public. Finally, in addition to the field guide (Bennett et al., 2010) , education and training resources relevant to participatory team science that can be adapted for researchers or the public are available online through PCORI (www.PCORI.org), INVOLVE (www.invo.org.uk), and the Team Science Toolkit (www.teamsciencetoolkit.cancer.gov).
Implications and Conclusions
More than 40 years ago in the pages of the American Psychologist, Walsh, Smith, and London (1975, p. 1067) called for adoption of "an interdisciplinary team approach to solving societal problems." When compared to biomedicine, engineering, and the physical sciences, psychology has been late in answering their call. A recent electronic search of the 10 top-ranked general psychology journals, based on the journal impact factor, found only 18 articles that even mentioned team science and only three that identified it as a substantive focus.
6 And yet, psychologists have made seminal contributions to understanding how teams work in organizations (Salas, Rico, & Passmore, 2017) , how research collaborations are fostered and sustained through cybercommunication (Olson & Olson, 2014) , how science teams are evaluated (Stokols, Fuqua, Gress, & Trochim, 2003) , and how collaborative inquiry with communities leads to new knowledge (Trickett et al., 2011) . Psychologists also have a long-standing tradition of multi-and interdisciplinary team-based practice in a variety of settings (McDaniel & deGruy, 2014) . As interdisciplinary scholarship has grown in psychology and other fields (Henriksen, 2016) , the emerging field of interdisciplinary team science provides psychologists with new opportunities for collaboration as researchers, practitioners, evaluators, and consultants.
In this article, we have argued that the current landscape of how science is understood and practiced is changing, moving not only toward interdisciplinary team science but also toward participatory approaches that engage the public. However, science teams generally do not engage public 6 We searched article texts for team science in the 10 top-ranked psychology journals, based on the 2016 journal impact factor, excluding specialty journals. These journals and the number of mentions of team science included Psychological Science in the Public Interest (0), Annual Review of Psychology (0), Psychological Bulletin (0), Perspectives on Psychological Science (1), Psychological Review (0), Psychological Inquiry (2), Current Directions in Psychological Science (2), Psychological Science (2), American Psychologist (11), and Psychological Methods (0). This document is copyrighted by the American Psychological Association or one of its allied publishers.
stakeholders, and as a result, local, culturally situated, and contextualized knowledge about a problem may not be incorporated into their work. Doing so may add scientific value because it can enhance a team's integrative capacity and promote knowledge integration. We are not proposing that all science teams always engage the public but ask simply that the potential benefits of public engagement be considered when assembling a team, that is, to change the default for how teams are assembled and problems examined in an interdisciplinary context. If interdisciplinary team science holds promise for addressing major real-world problems, so-called "grand challenges" (Efstathiou, 2016), such as addiction, cancer, global health, climate change, health disparities, and so on, then an "all hands on deck" approach to these challenges needs to be adopted. The public as key partners in this effort can no longer be mostly ignored, and psychologists can lead the way through participatory team science.
